Abstract-We consider the form of a physically motivated where simple one path time-varying channel in the time-varying impulse in (7W (T n response, time-frequency characterization and time-scale charach(t) h(t, T) w dT; versions of the input signal, and the time-scale characterization In the above models, W, T, ao, bo are related to channel and represents the channel output as a series of weighted discrete signal characteristics [1] [2] [3] [4]. Each of these three models and delayed and dilated versions of the input signal. Given that their discrete expansions have been studied, in some cases, for practical receivers must model the channel using a limited nearly 50 years [1] [2] [3] [4] [5] [6][7] [8] [9] . In each case, the channel is captured by number of channel coefficients, we examine how accurately a set of coefficients (hn, Sm,n, and Lm,n). In this paper, we the channel is captured for the three models as a function of quantify how well these coefficients represent the channel for the number of coefficients available.
in (7W (T n response, time-frequency characterization and time-scale charach(t) h(t, T) w dT; (5) terization settings. The focus, in general, is to determine which n (t-n)
setting allows for the most efficient (i.e., sparse) discrete channel representation. We ' )sinc (n -7W) sinc(mn -OT)e j7r(moT)dOd7; Which discrete time-varying channel model is the most JJ efficient? Several channel models exist, but which of them cap-
tures most efficiently the action of the channel? We consider and time-scale domain, in this work three models: a time domain characterization (i.e., abo J as a series of weighted discrete delayed and frequency shifted (9) versions of the input signal, and the time-scale characterization In the above models, W, T, ao, bo are related to channel and represents the channel output as a series of weighted discrete signal characteristics [1] [2] [3] [4] . Each of these three models and delayed and dilated versions of the input signal. Given that their discrete expansions have been studied, in some cases, for practical receivers must model the channel using a limited nearly 50 years [1] [2] [3] [4] [5] [6] [7] [8] [9] . In each case, the channel is captured by number of channel coefficients, we examine how accurately a set of coefficients (hn, Sm,n, and Lm,n). In this paper, we the channel is captured for the three models as a function of quantify how well these coefficients represent the channel for the number of coefficients available.
a simple one path time-varying channel in the important case In continuous time, the three models considered here are when only a finite number of coefficients are available. The time-domain, channel we consider is one where a transmitter and receiver move with constant radial velocity relative to one another. For y (t) t has a form similar to the time-scale characterization described Py (t) =Vyt + do (11) by Equation 3 in that the output signal is a time-delayed and time-scaled version of the input signal, so we first map (19) to We define T to be the time delay such that the source time-scale. An important difference is that the amplitude of the signal traveling with speed co emitted at time t -T reaches channel varies with time, an aspect which is not captured by the receiver at time t. Clearly, the distance that the signal the typical time-scale model. We augment the definition of L travels must equal the difference between the current receiver to include the dependence on t and using (3) and (19) by using position and position of the source T seconds ago. This can the time-dependence to capture the time-varying amplitude, be described, obtain
( ) when py(t) > px(t) and Assuming that the amplitude decays with the reciprocal of Similar results can be achieved in the case of py (t) < px (t). distance, the input output mapping is,
We can map (20) to time-frequency S(0, T) using
from [11] augmented with the dependence on t yielding
where A =CcO-vt and B -cO+v . The change in Doppler ef-where C Cv-v Co -Vy Co +VY We can further map this to the time-domain characterizafect from contraction to expansion occurs when the transmitter tion h(t, T) via the defining relationship between h(t, T) and and receiver are collocated (py (t) = px (t)).
S (T In the above derivation we ignored relativistic considera-S ( T tions, which is reasonable assuming that, vx <<c, vy c<c, Vx-Vy is the speed of light, it is impossible to for either x or y to We summarize all three equivalent input-output relationship determine whether x is moving toward stationary y or y is for this simple physical channel in where nk is the index of the kth largest coefficient of hn(t) IDOPDISCRETEECHANNEL for a given t. We assume in this initial investigation into the DOPPLER EFFECT efficiency that the K coefficients we chose to use to represent In [4, 11] the mapping among the continuous models; (1), the channel are always the largest K coefficients; This repre-(2), and (3); is established. These mappings are developed sents the best possible efficiency that could be achieved with independent of the signaling assumptions. Each continuous any set of K coefficients. Substituting the coefficient equation model has a corresponding discrete representation; (4,5), (6,7), from Table II into (30), the function of time before the sinc and (8,9) respectively; which arises from specific assumptions function cancels and the resulting infinite summation in the about the transmit signals and how they are analyzed at the denominator is unity. The efficiency becomes receiver. In [4] in particular, the following interpretation is established:
. time-domain (4) and (5) All three sets of coefficients in Table II the choice of parameters. The time-frequency model efficiency is analyzed for the same parameters in Figure 5 for a range of In continuing work, we will analyze more thoroughly the W around W = 8000 and demonstrates sensitive dependence dependence of the efficiency on signal parameters (such as on the choice of W. bandwidth, as all three models assume bandlimited transmit In conclusion, we make the following preliminary observa-signals) and channel parameters. Additionally, we will look tions:
into the issue of signaling efficiency (the loss in signal *The time-domain channel model efficiency fluctuates with efficiency associated with the signal parameter assumptions), time. which was not considered in this work.
